The GABA A receptor (GABA A R) α1 subunit mutation, A322D, causes autosomal dominant juvenile myoclonic epilepsy (JME). Previous in vitro studies demonstrated that A322D elicits α1(A322D) protein degradation and that the residual mutant protein causes a dominant-negative effect on wild type GABA A Rs. Here, we determined the effects of heterozygous A322D knockin (Het α1 AD) and deletion (Het α1 KO) on seizures, GABA A R expression, and motor cortex (M1) miniature inhibitory postsynaptic currents (mIPSCs) at two developmental time-points, P35 and P120. Both Het α1 AD and Het α1 KO mice experience absence seizures at P35 that persist at P120, but have substantially more frequent spontaneous and evoked polyspike wave discharges and myoclonic seizures at P120. Both mutant mice have increased total and synaptic α3 subunit expression at both time-points and decreased α1 subunit expression at P35, but not P120. There are proportional reductions in α3, β2, and γ2 subunit expression between P35 and P120 in wild type and mutant mice. In M1, mutants have decreased mIPSC peak amplitudes and prolonged decay constants compared with wild type, and the Het α1 AD mice have reduced mIPSC frequency and smaller amplitudes than Het α1 KO mice. Wild type and mutants exhibit proportional increases in mIPSC amplitudes between P35 and P120. We conclude that Het α1 KO and Het α1 AD mice model the JME subsyndrome, childhood absence epilepsy persisting and evolving into JME. Both mutants alter GABA A R composition and motor cortex physiology in a manner expected to increase neuronal synchrony and excitability to produce seizures. However, developmental changes in M1 GABA A Rs do not explain the worsened phenotype at P120 in mutant mice.
Introduction
Juvenile myoclonic epilepsy (JME) is a common generalized epilepsy syndrome that accounts for 5-10% of all cases of epilepsy (Camfield et al., 2013) . All JME patients experience myoclonic seizures, sudden, very brief jerks of a muscle or groups of muscles (Genton et al., 2013) . In addition, most JME patients experience generalized tonic-clonic (GTC) seizures, and approximately 30% of JME patients exhibit absence seizures, brief episodes of staring and loss-of-awareness (Genton et al., 2013) . On electroencephalography (EEG), myoclonic seizures are typically characterized as fast (4-6 Hz), polyspike-and-wave discharges (PSD), and absence seizures are associated with very rhythmic, 3 Hz spike-wave discharges (SWD). Different JME subsyndromes can be distinguished depending on the age of onset, rates of medical intractability, as well as the presence or absence of different seizure types (Martinez-Juarez et al., 2006) . JME is classified as a genetic generalized epilepsy syndrome and it is thought to be transmitted primarily by complex genetics. However, several genes have been identified that are associated with monogenic forms of JME (Delgado-Escueta et al., 2013) . Although these monogenic forms of JME are much less prevalent than the polygenic forms, they serve as invaluable models that will help elucidate the pathophysiology of the more common forms of polygenic JME.
A highly penetrant form of monogenic JME arises from a heterozygous missense mutation of the GABA A receptor (GABA A R) α1 subunit (Cossette et al., 2002) . GABA A Rs are the main inhibitory ligand-gated ion channels in mammalian brain (Benarroch, 2007) . They are pentamers composed of five subunits that arise from eight gene families; many of the gene families contain multiple isoforms (α1-6, β1-3, γ1-3, δ, ε, θ, π, ρ1-3) . In vitro studies demonstrated that the A322D mutation causes α1(A322D) protein misfolding with altered transmembrane topology (Gallagher et al., 2007) and rapid elimination by endoplasmic reticulum associated degradation (Bradley et al., 2008; Gallagher et al., 2007) . This causes a 92% reduction of total α1(A322D) subunit expression (Ding et al., 2010) . In addition, when expressed Neurobiology of Disease 82 (2015) [164] [165] [166] [167] [168] [169] [170] [171] [172] [173] [174] [175] 
